metal-organic compounds 



9 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 



frans-BisC/z-benzenethiolato-AC^SrS)- 
bis[chlorido(triphenylphosphane-K:P)- 
palladium(ll)] chloroform disolvate 

Alcives Avila-Sorrosa/* Alicia Reyes-Arellano,^ 

Juan Manuel German-Acacio,'' Reyna Reyes-Martinez'^ 

and David Morales-Morales'^ 



Experimental 

Crystal data 

[Pd2Cl2(C6H5S)2(Ci8Hi5P)2]- 

2CHCI3 
Mr = 1265.29 
Monoclinic, Pl^/n 
a = 10.8343 (11) A 
b = 14.2291 (15) A 
c = 17.3994 (18) A 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
{TWINABS; Bruker, 2007) 
T^i„ = 0.707, r„,„ = 0.878 



P = 102.095 (2)° 
V = 2622.8 (5) A^ 
Z = 2 

Mo Ka radiation 
jU = 1.27 mm^' 
r = 298 K 

0.36 X 0.19 X 0.10 mm 



4876 measured reflections 
4876 independent reflections 
4577 reflections with / > 2a(l) 
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Key indicators: single-crystal X-ray study; T = 298 K; mean o-(C-C) = 0.009 A; 
disorder in solvent or counterion; R factor = 0.039; wR factor = 0.088; data-to- 
parameter ratio = 15.3. 

The title compound, [Pd2Cl2(C6H5S)2(Ci8Hi5P)2]-2CHCl3, 
contains a centrosymmetric dinuclear palladium complex with 
the Pd" cation in a slightly distorted square-planar coordina- 
tion environment. The Pd" cations are bridged by the S atoms 
of two benzene thiolate ligands with different Pd— S distances 
[2.2970 (11) and 2.3676 (11) A]. The coordination of the metal 
atom is completed by a chloride anion [2.3383 (11) A] and a 
triphenylphosphane ligand [2.2787 (11) A]. Weak C-H- ■ -CI 
interactions are present between complex molecules and the 
CHCI3 solvent molecule. The latter is disordered over two 
positions in a 0.792 (8):0.208 (8) ratio. The crystal under 
investigation was found to be twinned by nonmerohedry, with 
a fraction of 73.4 (1)% for the major twin component. 

Related literature 

For related complexes in catalysis reactions, see: Yin & 
Liebscher (2007); Frisch & Seller (2005); Knochel & Singer 
(1993); Surry & Buchwald (2008). For bond lengths in a 
related complex, see: Estudiante-Negrete et at. (2007). 
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Refinement 

R[F^ > 2a(F^)] = 0.039 

wR(F^) = 0.088 

5 = 1.08 

4876 reflections 

318 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



96 restraints 

H-atom parameters constrained 
Apmax = 0.55 e A"' 
Apmin = -0.31 e A"' 



D-H-A 




D-H 


H - .4 


D---A 


D-H- - A 


C25-H25- ■ 


■Cll' 


0.98 


2.79 


3.744 (6) 


164 


C15-H15- ■ 


■Cll" 


0.93 


2.93 


3.650 (5) 


135 



Symmetry codes: (i) .r -I- 1, y, z; (ii) .v -f ^, — _v + |, z -f |. 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXL2013 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2013; molecular graphics: ORTEP-3 for Windows 
(Farrugia, 2012); software used to prepare material for publication: 
SHELXL2013 and PLATON (Spek, 2009). 

Financial support of this research by CONACYT (grant No. 
CB2010-154732) and PAPIIT (grant No. IN201711-3) is 
gratefully acknowledged. RRM and DMM thank Dr Ruben 
A. Toscano for technical assistance. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: WM2753). 



References 

Bruker (2007). APEX2, SAINT and TWINABS. Bruker AXS Inc., Madison, 
Wisconsin, USA. 

Estudiante-Negrete, F., Redon, R., Hernandez-Ortega, S., Toscano, R. A. & 

Morales-Morales, D. (2007). Inorg. Chim. Acta, 360, 1651-1660. 
Farrugia, L. J. (2012). / Appl Cryst. 45, 849-854. 
Frisch, A. C. & Beller. M. (2005). Angew. Chem. Int. Ed. 44, 674-688. 
Knochel, P & Singer, R. D. (1993). Chem. Rev. 93, 2117-2188. 
Sheldrick, G. M. (2008). Acta Cryst A64, 112-122. 
Spek, A. L. (2009). Acta Cryst D65, 148-155. 

Surry, D. S. & Buchwald, S. L. (2008). Angew. Chem. Int Ed. 47, 6338-6361. 
Yin, L. & Liebscher, J. (2007). Chem. Rev. 107, 133-173. 



CHCI3 



m472 Avila-Sorrosa et al. 



doi:1 0. 1 1 07/51 60053681 301 9806 



Acta Cryst. (2013). E69, in472 



supplementary materials 



supplementary materials 

Acta Cryst. (2013). E69, m472 [doi:10.1107/S1600536813019806] 

fra/7s-Bis(a-benzenethiolato-/f^S:S)bis[chlorido(triphenylphosphane- 
A:P)palladium(ll)] chloroform disolvate 

Alcives Avila-Sorrosa^ Alicia Reyes- Arellano, Juan Manuel German-Acacio, Reyna Reyes- 
Martinez and David Morales-Morales 

Comment 

Palladium is a transition metal well known for sjmthetic chemists. Thus, palladium complexes have been extensively 
studied and have had important applications as catalysts in a plethora of organic transformations, biological applications, 
material science etc. As catalysts, palladium complexes have shown high efficiency in different protocols of cross- 
coupling reactions for the construction of C — C bonds, e.g. through Heck reaction (Yin & Liebscher, 2007), Suzuki- 
Miyaura coupling (Frisch & Beller, 2005), Negishi reaction (Knochel & Smger, 1993), as well as for the formation of C- 
heteroatom highlighted Ana Buchwal-Hartwig reaction (Surry & Buchwald, 2008). In this context we report here the 
structure of the title compound, fra«5-[PdCl(C6H5S)(Ci8Hi5P)]2.2CHCl3, (I). 

The structure of (I) contains a centrosymmetric dimeric Pd" complex with the Pd" atom within a slightly distorted 
square-planar coordination environment (Fig. 1). The two Pd" atoms are bridged by two -SCeHs ligands, and the 
coordination environment is completed by one CI" and one PPhs ligand. The asymmetric unit is composed of half of the 
complex and one disordered CHCI3 solvent molecule; the full molecule is completed by application of inversion 
symmetry. 

The two bridging -SCeHs ligands exhibit different Pdl— SI bond lengths, 2.2970 (11) and 2.3676 (11) A; these 
distances are comparable to those found m the structure of the related compoimd [Pd(PPh3)(SC6F5)(jU-SC6F5)]2 
(Estudiante-Negrete et al, 2007). The Pdl— PI and Pdl— CU bonds lengths are 2.2787 (11) and 2.3383 (11) A, 
respectively. The CI" and the PPhs ligands are arranged in a mutually trans conformation. 

The complex molecules are packed in rows parallel to [010]. The structure is stabilized by weak C — H--C1 hydrogen- 
bonding interactions between complex molecules and interstitial solvent molecules (Fig. 2). 

Experimental 

To a suspension of PdCla (0.078 g, 0.442 mmol) and NajCOs (0.050 g, 0.047 mmol) in 15 ml of toluene a solution of 1- 
ethenyl-[(phenylsulfanyl)methyl]-benzene (isomeric mix 60:40), l-ethenyl-3-[(phenylsulfanyl)methyl]-benzene and 1- 
ethenyl-4-[(phenylsulfanyl)methyl]-benzene) (0.100 g, 0.442 mmol) in 5 ml of toluene was added. The resulting mixture 
was set to reflux for 4 h. After this time the reaction mixture was allowed to cool down to room temperature and filtered. 
The solid residue was further washed twice with CHCI3 (5 ml) attaining a yellow sohd. This sohd was further treated with 
PPh3 (0.232 g, 0.884 mmol) in 15 ml of CHCI3. The reaction mixture was stirred until all solid was dissolved and the 
resulting solution was filtered through a short plug of Celite. The filtrate was left to evaporate at room temperature 
yielding yellow crystals of (I) suitable for X-ray diffraction analysis. 
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Refinement 

H atoms were included in calculated positions (C — H = 0.93 A for aromatic H) and refined using a riding model with 
C/iso(H) = 1.2 f/e, of the carrier atoms. In the refinement five reflecfions, (1 16 4), (-11 4 5), (-2 15 8), (8 11 5) and (-9 12 
5), were considered as disagreeable and were omitted. The CHCI3 solvent is disordered over two sets of sites in a 
0.792 (8):0.208 (8) ratio. Twinning by non-merohedy was detected in the cell determination and two orientation matrices 
were determined. The data were then processed and corrected for absorption effects with the TWINABS program (Bruker, 
2007). The refinement of the parameter was 26.6 (1)%, indicating a fraction of 73.4 (1)% for the major twin 
component. 

Computing details 

Data collection: APEX2 (Bruker, 2007); cell refinement: 5^/7Vr (Bruker, 2007); data reduction: SAINT {Bmksr, 2007); 
program(s) used to solve structure: SHELXL2013 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2013 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for 
publication: SHELXL2013 (Sheldrick, 2008) and PL^JOA^ (Spek, 2009). 
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Figure 1 

The molecular structure of the title compound, showing the displacement parameters of atoms at the 30% probability 
level. Only the major component of the disordered solvent molecule is displayed. 
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Figure 2 

Packing of the molecular entities in the structure of (I). C — H - Cl interactions are shown by dashed lines. 
fra/Js-Bis(|i-benzenethiolato-ft^S:S)bis[chlorido(triphenylphosphane-/fP)palladium(ll)] chloroform disolvate 




Crystal data 

[Pd2Cl2(C6H5S)2(C,8Hi5P)2]-2CHCl3 

M,= 1265.29 
Monoclinic, P2i/n 
a = 10.8343 (11) A 
^= 14.2291 (15) A 
c= 17.3994 (18) A 
y?= 102.095 (2)° 
F= 2622.8 (5) A^ 
Z=2 

Data collection 

Bruker SMART APEX CCD area-detector 

diffractometer 
Detector resolution: 0.83 pixels mm ' 
CO scans 

Absorption correction: multi-scan 

(TWINABS; Bruker, 2007) 
r„.„ = 0.707, r„ax = 0.878 



F(000) = 1264 

Z),= 1.602 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9960 reflections 

(9 = 2.4-25.3° 

fi = 1.27 mm"' 

r=298K 

Prism, yellow 

0.36 X 0.19 X 0.10 mm 



4876 measured reflections 
4876 independent reflections 
4577 reflections with / > 2a{I) 

= 25.4°, e,„„= 1.9° 
A = -13^12 

I = 0^20 
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Refinement 

Refinement on Hydrogen site location: inferred irom 

Least-squares matrix: full neighbouring sites 

R\F^ > 2a{P-)\ = 0.039 H-atom parameters constrained 

wR{p) = 0.088 w = iVC^o^) + (0.0394P)2 + 2.3327P] 

5' = 1 .08 where P = (F,^ + 2F/)/3 

4876 reflections (A/ff)„,„ = 0.001 

318 parameters Apmax = 0.55 e A"' 

96 restraints Apmn = -0.3 1 e A"' 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refined as a 2-component twin. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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0.0405 (2) 


PI 


0 46454 


0 23806 ^7) 
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H2 
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A A01 

U.Uoj (4J 


A AAA ( A\ 
O.oyo (4j 


A AAA (1\ 

O.ooy (3j 


A A'2A 

0.030 (3 J 


A AOA 

U.UzU (3) 


Cz4 


U.UMJ (3J 


A ACO /"3^ 

0.U3O (3 J 


O.Ooo (3 j 


A A 1 A /OA 

O.OiO (zj 


A AOT 

v.UZZ {Z ) 


O.Uiz (3 ) 




U.IU/ (4) 


A 1 A/1 //I \ 

0.104 (4) 


A AO 1 /I \ 

O.Ooi (3j 


A Al /'J \ 

— 0.03z (3) 


A AA/1 /1\ 

0.004 (3) 


A A 1 /I /I \ 

0.014 (3) 












v.UZZ j 




C13 


0.129 (3) 


0.178 (3) 


0.108 (2) 


0.060 (2) 


0.0416(18) 


0.039 (2) 


C14 


0.248 (6) 


0.182 (3) 


0.086 (2) 


-0.093 (4) 


0.049 (3) 


0.009 (2) 


C12A 


0.134(9) 


0.126 (8) 


0.049 (4) 


-0.018(6) 


0.009 (5) 


0.012 (4) 


C13A 


0.136(7) 


0.199(11) 


0.155 (11) 


0.039 (8) 


-0.015 (7) 


-0.009 (9) 


C14A 


0.107 (7) 


0.130 (7) 


0.061 (4) 


-0.034 (6) 


0.010 (4) 


-0.018 (4) 



Geometric parameters (A, °) 


Pdl— PI 


2.2787(11) 


C12— H12 


0.9300 


Pdl— SI' 


2.2970(11) 


C13— C18 


1.383 (6) 


Pdl— Cll 


2.3383 (11) 


C13— C14 


1.384 (6) 


Pdl— SI 


2.3676 (11) 


C14— C15 


1.375 (6) 


SI— CI 


1.770 (5) 


C14— H14 


0.9300 


SI— Pdl' 


2.2971 (11) 


C15— C16 


1.376 (8) 


PI— C7 


1.819(5) 


C15— H15 


0.9300 


PI— C13 


1.821 (4) 


C16— C17 


1.366 (8) 


PI— C19 


1.825 (4) 


C16— H16 


0.9300 


CI— C2 


1.366 (7) 


C17— C18 


1.392 (7) 


CI— C6 


1.378 (8) 


C17— H17 


0.9300 


C2— C3 


1.400 (9) 


C18— H18 


0.9300 


C2— H2 


0.9300 


C19— C24 


1.380 (6) 


C3— C4 


1.346 (11) 


C19— C20 


1.385 (6) 


C3— H3 


0.9300 


C20— C21 


1.380 (7) 


C4— C5 


1.362 (10) 


C20— H20 


0.9300 


C4— H4 


0.9300 


C21— C22 


1.365 (8) 


C5— C6 


1.376 (9) 


C21— H21 


0.9300 


C5— H5 


0.9300 


C22— C23 


1.377 (8) 


C6— H6 


0.9300 


C22— H22 


0.9300 


C7— C8 


1.368 (7) 


C23— C24 


1.385 (7) 


C7— C12 


1.381 (6) 


C23— H23 


0.9300 


C8— C9 


1.376 (8) 


C24— H24 


0.9300 


C8— H8 


0.9300 


C25— C12 


1.715 (6) 


C9— CIO 


1.379 (10) 


C25— C14 


1.726 (6) 


C9— H9 


0.9300 


C25— C13 


1.732 (5) 


CIO— Cll 


1.359 (10) 


C25— C13A 


1.733 (7) 


CIO— HIO 


0.9300 


C25— C14A 


1.745 (7) 


Cll— C12 


1.379 (8) 


C25— C12A 


1.759 (7) 


Cll— HI 1 


0.9300 


C25— H25 


0.9800 
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r i — rdl — ^1 


yjAZ (4) 


rl — Pal — Cli 


90.27 (4) 


oil TIJ 1 /^l 1 

bl — ^Pcll — Cll 


173.83 (4) 


PI — ^Pdl — SI 


175.51 (4) 


C 1 i T> J 1 CI 

bl — Pal — SI 


83.67 (4) 


Cll — rdl — bl 


A A OA / A\ 

90.84 (4) 


CI — bl — Pal 


102.77 (16) 


1 CI T> J 1 

CI — SI — rdl 


99.59 (14) 


r>^ 1 i CI T* J 1 
rdl — SI — rdl 


Ci/Z 11 / A\ 

96. 33 (4) 


C7 — PI — C13 


1 AC 1 

105.1 (2) 


\Jl — PI — C19 


1 AO O 

108.8 (2) 


C13 — rl — CI 9 


1 A 1 An n\ 

101.47 (19) 


C/ — rl — rdl 


111 n/c /■ 1 c\ 
111.96 (15) 


C13 — PI — ^Pdl 


117.46 (13) 


C19 — PI — Pdl 


111.26 (14) 


L2 — CI — Co 


118.2 (5) 


1 CI 

Cz — CI — SI 


lion f A\ 
11 0.9 (4) 


Co — CI — SI 


1 '^'^ A / A\ 

122.9 (4) 


CI — C2 — C3 


120.1 (6) 


CI — Cz — n2 


1 1 A A 

119.9 


C3 — Cz — Hz 


119.9 


C4 — C3 — C2 


1 '^A c //r\ 

120.5 (6) 


C4 — C3 — H3 


1 1 A O 

1 19.0 


TT"? 

C2 — C3 — H3 


1 1 A O 

119.8 


C3 — C4 — C5 


120.1 (7) 


C3 — C4 — H4 


119.9 


C5 — C4 — H4 


119.9 


C4 — C5 — Co 


119.7 (7) 


/^A rjc 
C4 — CD — Hi 


1 '*)A 1 

120.1 


C6 — C5 — H5 


120.1 


C5 — Co — C 1 


1-^1 A / £.\ 

121.4 (6) 


r^c TT^ 

C5 — Co — ^Ho 


1 1 A '> 

119.3 


r^£. TTiT 

CI — Co — Ho 


1 1 A 

119.3 


C8 — C7 — C12 


119.3 (5) 


Co — C7 — PI 


1 1 T O i A\ 

117.8 (4) 


C12 — C7 — PI 


1 '^'^ A / A\ 

122.9 (4) 


r^n r~^o /"'n 

C7 — Co — C9 


1 OA f £i\ 

120.6 (6) 


r^n /~^o TTO 

C7 — Co — Ho 


1 1 A T 

119.7 


/~^r\ /~^0 TTO 

C9 — Co — Ho 


119.7 


/"^O A 

Co — C9 — CIO 


1 1 A A i ll\ 

119.9 (6) 


/~^o /^n TTr\ 

Co — C9 — H9 


1 OA 1 

120.1 


CIO — C9 — H9 


120.1 


Cll— CIO— C9 


119.6 (6) 


Cll— CIO— HIO 


120.2 


C9— CIO— HIO 


120.2 


CIO— Cll— C12 


120.7 (6) 


CIO— Cll— Hll 


119.6 


C12— Cll— nil 


119.6 



Cll — C12 — C7 


1 1 A 0 /zr\ 

119.8 (6) 


Cll — C12 — ^H12 


120.1 


C7 — C12 — H12 


1 '^A 1 

120.1 


/~iio y~ii<< 

C18 — C13 — C14 


110 T A\ 

118.7 (4) 


Clo — C13 — rl 


1 Tl /'1\ 

123.2 (3) 


C14 — C13 — PI 


118.1 (3) 


C15 — C14 — C13 


1 1 ^ / A\ 

121.2 (4) 


z 1 A TTi^ 

C15 — C14 — H14 


119.4 


/^11 1 A TTI^ 

C13 — C14 — H14 


1 1 A /I 

119.4 


C14 — C15 — C16 


119.6 (5) 


C14 — C15 — H15 


1 '^A ^ 

IzU.z 


/^IjC /~^1C ttic 

C 1 0 — C 1 5 — H 1 5 


1 OA O 

IzO.z 


C17 — C16 — C15 


1 OA 1 /C\ 

120.3 (5) 


C17 — C16 — H16 


1 1 A A 

119.9 


C15 — C16 — H16 


119.9 


C16 — C17 — C18 


1 0 A 0 / C\ 

120.2 (5) 


Clo — CI / — HI / 


1 1 A A 

119.9 


1 0 1 T TT1 T 

C18 — C17 — H17 


1 1 A A 

119.9 


C13 — C18 — C17 


1 0 A A / C\ 

120.0 (5) 


/~^11 /~^10 TT10 

C13 — Clo — Hlo 


1 OA A 

120.0 


/~^1 T 1 0 TT1 0 

C17 — Clo — ^Hlo 


1 '^A A 

120.0 


C24 — C 1 9 — C20 


110 Z" / A\ 

118.6 (4) 


C24 — C19 — PI 


1 0 A ^7 /I \ 

120.7 (3) 


C20 — CI 9 — PI 


120.5 (4) 


Cz 1 — CzO — C 1 9 


1 '^A ^ /C\ 

120.6 (5) 


C21 — C20 — H20 


119.7 


C19 — C20 — H20 


119.7 


C22 — C2 1 — C20 


120.5 (5) 


C22 — C2 1 — ^H2 1 


119. / 


C20 — C2 1 — H2 1 


119.7 


r~^i~\\ f~^^^ /^"Oo 

C21 — C22 — C23 


119.6 (5) 


C21 — C22 — ^H22 


1 OA 0 

IzU.z 


^'^'5 r^^^ TT'^'^ 

C23 — C22 — H22 


1 OA 0 

IzU.z 


C22 — C23 — C24 


120.2 (5) 


/"^'I'l /^01 TTTl 

Czz — Cz3 — Hz 3 


1 1 A A 

119.9 


/I /~^'^i ry^i 

Cz4 — Cz3 — Hz 3 


1 1 A A 

119.9 


C19 — C24 — C23 


1 OA C 

120.5 (5) 


/"' -1 ("1 /^'^ /I T T-^ /I 

C 1 9 — C24 — H24 


119.8 


Cz3 — Cz4 — Hz4 


1 1 A 0 

119.8 


Clz — C25 — C14 


111 0 
111.8 (4) 


CI2 — C25 — C13 


1 1 A £1 f A\ 

110.6 (4) 


C14 — C25 — C13 


1 AA / /I \ 

109.6 (4) 


C13A — C25 — C14A 


108.2 (6) 


C13A— C25— C12A 


107.5 (6) 


C14A— C25— C12A 


107.2 (5) 


C12— C25— H25 


108.2 


C14— C25— H25 


108.2 


C13— C25— H25 


108.2 
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rdl — SI — Li — Cz 


ITT ^ / /I \ 

133.2 (4) 


c 1 y — p 1 — c 1 3 — c 1 o 


1 OA A ^ A\ 

120.9 (4) 


rdl — SI — CI — C-2 


1 ^ O A / A\ 

—128.0 (4) 


Pdl — PI — C13 — CI 8 


—117.6 (4) 


Pdl — si — CI — Co 


—49.3 (5) 


C7 — PI — C13 — C14 


—172.8 (3) 


Pdl — SI — CI — Co 


49.5 (5) 


Ciy — ^Pl — C13 — C14 


—59.4 (4) 


r^i^ 

Co — CI — C2 — C3 


A A /'A\ 

O.U (9) 


Pal — PI — C13 — C14 


62.1 (4) 


bl — CI — C2 — C3 


177.7 (5) 


/^10 /~^1C 

C 1 5 — C 1 3 — C 1 4 — C 1 5 


-1.3 (7) 


C 1 — C2 — C3 — C4 


O.o (12) 


PI — CI 3 — C14 — C15 


1 TA A / A\ 

179.0 (4) 


L2 — C3 — C4 — C5 


AT / 1 \ 

—0.3 (i3) 


/^IT /~^1C 

C 1 3 — C 1 4 — C 1 5 — C 1 6 


0.2 (7) 


i^yl /^C /^/C 

— C4 — — Co 


A n / 1 1 \ 
— U. / (i3) 


i^liC 

C 1 4 — C 1 3 — C 1 o — C 1 / 


A 1 /C>\ 

0.1 (8) 


C4 — C5 — Co — C 1 


1.4(12) 


C15 — CI 6 — C17 — CI 8 


0.6 (9) 


C2 — CI — Co — C5 


1 A /I A\ 

—1.0 (10) 


C14 — C13 — CI 8 — C17 


2.0 (7) 


SI — CI — Co — C5 


—178.0 (6) 


Til /^10 /^IT 

Pi — C 1 3 — C 1 0 — C 1 7 


1 TO T / A\ 

— 17K.3 (4) 


C13 — ri — C/ — Co 


— /o.z (4) 


Clo — CI / — Clo — C13 


-1.7 (8) 


CI 9 — PI — C7 — C8 


175.8 (4) 


C7 — PI — C19 — C24 


1 1 A C / A\ 

-110.5 (4) 


Pdl — PI — C7 — Co 


52.4 (4) 


C 1 3 — P 1 — C 1 9 — C24 


139.1 (4) 


C13 — PI — C7 — C12 


1 A'^ /' A\ 

102.6 (4) 


Tl J 1 Tl 1 1 f\ /""^ /I 

Pdl — PI — CI 9 — C24 


13.4 (4) 


Ciy — ri — C/ — Ciz 


-5.5 (4) 


C / — P 1 — C 1 9 — C20 


73.2 (4) 


Pdl — PI — C7 — C12 


—128.9 (4) 


C13 — PI — C19 — C20 


-37.2 (4) 


C 12 — C7 — C8 — C9 


0.3 (8) 


Tl J 1 Tl 1 /~" 1 r\ /"i-^ A 

Pdl — PI — CI 9 — C20 


-162.9 (4) 


PI — C7 — C8 — C9 


179.1 (4) 


C24 — C 1 y — C20 — C2 1 


A A /'0\ 

-0.4 (8) 


c / — Co — cy — c 1 (J 


—0.4 (9) 


PI — CI y — C20 — Cz 1 


1 T/C A / A\ 

1 /6.0 (4) 


CQ r"Q ni 0 r'l i 

l_^o — y^y — 1_/ i U — 1 i 


U.J l,AU^ 


a Q coci co'i coo 

i_/ i y — \_^zw — i-'Z i — \_^zz 




C9— CIO— Cll— C12 


-0.5 (10) 


C20— C21— C22— C23 


-0.7 (9) 


ClO— Cll— C12— C7 


0.4 (9) 


C2 1— C22— C23— C24 


0.0 (9) 


C8— C7— C12— Cll 


-0.3 (7) 


C20— C19— C24— C23 


-0.3 (8) 


PI— C7— C12— Cll 


-179.0 (4) 


PI— C19— C24— C23 


-176.7 (4) 


C7— PI— C13— C18 


7.5 (4) 


C22— C23— C24— C 1 9 


0.5 (9) 


Symmetry code: (i) -x+l, -y+l, -z+1. 



Hydrogen-bond geometry (A, °) 



D—a-A 




D— H 




D-A 


D—Yi-A 


025— H25- 


••Oil" 


0.98 


2.79 


3.744 (6) 


164 


C15— H15- 


■Cll"' 


0.93 


2.93 


3.650 (5) 


135 



Symmetry codes: (ii) 1, y, z; (iii) x+1/2, ->H-l/2, z+1/2. 
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